A better understanding of the CT features of different forms of canine and feline adipose tumors would be valuable for improving patient management and treatment. The purpose of this retrospective, cross-sectional study was to describe and compare the CT features of pathologically confirmed lipomas, infiltrative lipomas, and liposarcomas in a sample of canine and feline patients. A total of 50 animals (46 dogs, four cats) and a total of 60 lesions (23 lipomas, 20 infiltrative lipomas, and 17 liposarcomas) were included in the study. Lipomas appeared as round to oval-shaped (n = 21), well-marginated (n = 20) fat-attenuating lesions. Infiltrative lipomas appeared as homogeneous, fat-attenuating masses but, unlike lipomas, they were most commonly characterized by an irregular shape (75%; P < 0.001), and linear components, hyperattenuating relative to the surrounding fat (100%; P < 0.05). Liposarcomas were represented exclusively by heterogeneous lesions with soft tissue attenuating components with a multinodular appearance (76.5%; P < 0.05). Regional lymphadenopathy (n = 10) and amorphous mineralization (n = 4) were also observed in association with liposarcomas. Computed tomography can provide useful information regarding disease location, extent, and involvement of the adjacent structures. Tumor definition and shape were the most useful parameters to differentiate between lipomas and infiltrative lipomas. The presence of a heterogeneous mass, with a multinodular soft tissue component and associated regional lymphadenopathy and mineralization, were features favoring a diagnosis of liposarcoma.
Introduction

T HE CURRENT WORLD HEALTH ORGANIZATION (WHO)
classification of mesenchymal skin and soft tissue tumors of domestic animals recognizes three benign forms of tumors of the adipose tissue, represented by lipoma, infiltrative lipoma and angiolipoma, and one malignant form, represented by liposarcoma. 1 Lipomas are tumors characterized by well-differentiated adipocytes that are com-mon in the dog, with a reported incidence rate of 5.1% of all diagnosed canine neoplasms, while they are far less common in other species. 2, 3 Lipomas are defined as infiltrative when they show a more aggressive biological behavior by invading adjacent structures, most commonly muscle and fasciae. 1, [4] [5] [6] [7] [8] Angiolipoma is another uncommon variant of lipoma characterized by the presence of small, well-differentiated blood vessels interspersed in mature adipose tissue that can be further subclassified as infiltrative or noninfiltrative. 1, 9 Liposarcoma, the rare malignant counterpart of lipoma, is histologically characterized by lipoblasts with variable grade of pleomorphism. 1 Liposarcomas have been further classified into subtypes based on cellular morphology, however the different histological appearances do not correspond to differences in biological behavior in domestic animals. 1, 3 Although liposarcomas generally show a low metastatic potential, they are characterized by local invasion and high recurrence rate. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] While the majority of lipomas are asymptomatic and do not require surgical intervention, aggressive treatment may be necessary for the local control of infiltrative lipomas and liposarcomas. Therefore, a correct diagnosis is essential for prognosis and therapy planning. Infiltrative lipomas cannot be readily distinguished from simple lipomas in fine Vet Radiol Ultrasound, Vol. 58, No. 1, 2017, pp 29-37. needle aspirates or small biopsy specimens. 17 Computed tomography is currently used to better delineate these tumors, evaluate their actual extension and assess their relationship with the adjacent anatomic structures, allowing for accurate treatment planning. 7, [19] [20] [21] [22] [23] [24] [25] [26] [27] The CT and MRI appearance of fat-containing tumors has previously been described in humans. Both modalities have been proven to be useful in identifying and characterizing adipose masses. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] In veterinary medicine there are a few reports describing adipose tumors, but there is only limited information available on their CT features. 7, [19] [20] [21] [22] [23] [24] [25] [26] [27] 43 Moreover, a comparison between benign and malignant fatty masses based on CT characteristics in a larger group of animals has not been reported. Diagnostic imaging would be a valuable and noninvasive procedure to discriminate between the different neoplastic forms and assess their growth pattern before treatment planning. 3, 19, 44, 45 The aim of this study was to describe and compare CT features of histologically confirmed lipomas, infiltrative lipomas, and liposarcomas in dogs and cats.
Material and Methods
The study was a retrospective, cross-sectional design. Patients were selected from two board-certified veterinary radiologist (T.S., F.R.) on the basis of having helical CT evaluation and a confirmed histological diagnosis of lipoma, infiltrative lipoma, or liposarcoma. Cases were retrieved from the electronic database of the Clinica Veterinaria dell'Orologio and the Royal (Dick) School of Veterinary Studies, University of Edinburgh, and chosen from clinical databases from January 2005 through June 2015. Images were acquired using one of the following three different CT scanners: helical single-slice CT unit (ProSpeed, GE, Milwaukee), helical 4-slice CT unit (Somatom Volume Zoom, Siemens, Germany) and helical 16-slice CT unit (BrightSpeed, GE, Milwaukee). All CT studies were performed under general anesthesia. To ensure the greatest consistency in evaluation of imaging features, the images were retrospectively reviewed and reevaluated in a randomized order by the primary author (E.S.) and one boardcertified veterinary radiologist (F.R.), who were unaware of the final diagnosis at the time of the image review. Images measurements were made in triplicate by each reviewer and final assessment was reached by means of consensus. Images were reviewed following determination of the computed tomographic characteristics by using image analysis freeware (OsiriX v.4.1.2 32-bit, Pixmeo Sàrl, Geneva, Switzerland). Display settings were adjusted as needed for optimal evaluation of the images.
CT images were reviewed and assessed for the following criteria: None of the masses underwent cytoreductive surgery or incisional biopsy prior to imaging. Definitive diagnoses were based on histopathological examination of surgical or postmortem specimens, according to the WHO criteria. 1 The samples were not available for review or for mapping correlation with the CT images.
Data were analyzed with commercial software programs (SPSS Statistics v. 19, IBM, Somers, NY, and Prism v. 5.0, GraphPad, San Diego, CA) by one of the authors (SS, DVM, PhD in animal pathology and biotechnology). When appropriate, data sets were tested for normality by using the D'Agostino and Pearson omnibus normality test. Values were expressed as mean ± standard deviation for normal distribution, or as median with a range for nonnormal distribution. Differences in the 
Results
A total of 50 patients met the inclusion criteria (n = 46 dogs; n = 4 cats). None of the total number of patients with a helical CT evaluation and a confirmed histological diagnosis of lipoma, infiltrative lipoma or liposarcoma were excluded from the data analysis. Signalment characteristics of animals for each tumor type are summarized in Table 1 . Eight dogs had two lesions and one dog had three lesions, for a total of 60 lesions. Definitive diagnoses included 23 lipomas (15 dogs and three cats), 20 infiltrative lipomas (17 dogs and one cat), and 17 liposarcomas (15 dogs). Only one dog had both a lipoma and an infiltrative lipoma. None of the cases were diagnosed as angiolipoma or infiltrative angiolipoma. Ten tumors were intracavitary (thorax or abdomen) and included four lipomas, four infiltrative lipomas, and two liposarcomas. The extracavitary neoplasms included four lesions within the headneck region (two lipomas, one infiltrative lipoma, and one Helical CT scans of the whole body (n = 34) or of the area of interest (n = 16) were acquired before and after intravenous administration of a bolus of water-soluble contrast medium (Ioversol 300 mgI/ml Optiray, Covidien, Segrate, Italy; Iopramide 370 mgI/ml, Ultravist 370, Bayer, Germany) at a dose of 600 or 740 mg Iodine/kg with the use of a power injector or manual injection. Only precontrast images were available for five lesions and only postcontrast images were available for three other lesions. Tube voltage was consistent at 120 kVp, adaptive tube current ranged from 127 to 220 mAs, tube rotation time was between 0.5 and 1.5 s, slice thickness varied from 1 to 7 mm, image interval ranged from 0.625 to 7 mm, helical collimator pitch from 0.625 to 1.75, display field of view from 242 to 354 mm-based on patient size, body part imaged, and radiologist preference. The protocols included two reconstruction algorithms, medium frequency for soft tissue and high frequency for lung. Patient positioning was sternal (n = 45) or dorsal (n = 5) recumbency. In one patient, two different body regions were evaluated with two different studies, one with the dog in dorsal recumbency and the following with the dog in sternal recumbency. The CT findings for each tumor type are summarized in Tables 2 and 3 . Lipomas were round-to oval-shaped (n = 21, 91.3%), with well-defined margins (n = 20, 87%) and homogeneously attenuating (n = 18, 78.3%) (Fig. 1) . In all cases there was prevalent fat attenuation (n = 23, 100%), with a median precontrast attenuation of -120 HU (range = -130 to -6 HU) and a median postcontrast attenuation of -113.5 HU (range = -157 to 27 HU). However, presence of hyperattenuating components, linear (n = 7, 70%) or irregular conglomerate areas (n = 3, 30%), was identified in 10 cases (43.5%) (Fig. 2) . Regional lymphadenopathy was seen in four cases (17.4%). Infiltrative lipomas appeared irregular in shape (n = 15, 75%), with well-(n = 9, 45%), mixed-(n = 8, 40%), or poorly-demarcated margin definition (n = 3, 15%). Masses were homogeneous (n = 16, 80%), with prevalent fat attenuation in all cases (n = 20, 100%), with a median precontrast attenuation of −113 HU (range = −134 to −23 HU) and postcontrast of −103.5 HU (range −133 to −18 HU). In seventeen cases (85%) hyperattenuating components were seen, but were all linear in appearance (Fig. 3) . Regional lymphadenopathy was present in five cases (25%). CT parameters significantly different between lipomas and infiltrative lipomas included shape (P < 0.001), margins (P = 0.005), presence and type of hyperattenuating components (P = 0.01 and P = 0.04, respectively; Table 2 ).
A high percentage of liposarcomas (n = 14; 82.3%) were round to oval shaped. Margins were well-(n = 9, 53%), mixed-(n = 6, 35.3%) or poorly-defined (n = 2, 11.7%). All the lesions were heterogeneous with hyperattenuating components, mostly represented by nodular-globularmass-like conglomerates (n = 13, 76.5%). Median attenuation values varied from -5 HU precontrast (range = -49 to 28) to 13 HU postcontrast (range = -48 to 61). In four cases amorphous mineralized areas were observed. Two lesions determined osteolysis of the adjacent skeletal structures (Fig. 4) . Regional lymphadenopathy was observed in 10 cases (58.8%). A suspected metastatic lesion was seen in one case (Fig. 5 ). Computed tomographic features significantly different between benign (lipoma/infiltrative lipoma) and malignant forms were pre-and postcontrast homogeneity (P < 0.001), attenuation characteristics (P < 0.001), prevalent component (P < 0.001); presence and type of hyperattenuating components (P < 0.001 and P = 0.003, respectively), mineralization (P = 0.005), and regional lymphadenopathy (P = 0.007; Table 3 ). On logistic regression, presence of a heterogeneous lesion, with a prevailing soft tissue component showing an irregular conglomerate appearance, together with the presence of mineralization and regional lymphadenopathy were features with statistically significant odds ratio favoring a diagnosis of a malignant form (Table 4) . Presence of well-defined lesions without any evidence of hyperattenuating component within the mass, and presence of an irregularly shaped mass are features with statistically significant odds ratio favoring a diagnosis of lipoma and infiltrating lipoma, respectively (Table 4 ).
FIG. 3. Dorsal contrast-enhanced image of a 5-year old neutered male
Springer Spaniel diagnosed with an infiltrative lipoma. At the level of the left axillary region and cranial thoracic wall, there is an oval shaped, noncontrast medium enhancing, homogeneously fat attenuating mass (white arrow) with a combination of well-defined and ill-defined margins characterized by fine wispy linear striations throughout (white asterisks). Medially the mass extends and infiltrates through the musculature of the thoracic inlet and cranial thoracic wall (white arrowheads) and contacts the left first and second ribs without evidence of osteolysis. The linear hyperattenuating striations represent the residual muscular components of the pectoralis and serratus ventralis muscles. WW = 700, WL = 150.
Discussion
This retrospective study described CT features of adipose masses that warrant a higher suspicion for infiltration and malignancy. In the current study, none of the masses underwent cytoreductive surgery or incisional biopsy prior to imaging and all adipose masses showed complete or partial fat attenuation. The majority of the benign tumors in this study appeared as a homogenous mass while liposarcomas were all represented by heterogenous masses with a large component of nonadipose tissue, generally characterized by a more nodular appearance, consistent with the literature.
37, 40 Nevertheless, as previously reported, a high percentage of the benign forms identified in this study showed a heterogeneous appearance, with presence of hyperattenuation components within. 22, 37, 39, 46, 47 The exact cause of these characteristics remains unknown because the pathologic samples were not available for review or for mapping correlation with the CT images. According to the literature and the pathologic reports available, the authors propose that these regions most likely represented areas of The current study also reported odds ratios to help distinguish between the different forms of fat-containing tumors. These demonstrated that the most useful features to help distinguish between benign and malignant forms were the presence of a heterogeneous mass, with prevailing soft tissue component characterized by multinodular appearance and possible presence of mineral attenuating areas within, and associated with regional lymphadenopathy. In agreement with previous reports, the irregular shape was the most significant parameter favoring a diagnosis of infiltrating lipoma. 20, 41, 44 The most helpful features in recognizing lipoma were the presence of a well-defined mass without associated hyperattenuating components. In general, the fat attenuating lesions did not show contrastmedium enhancement, except for some peripheral areas in those masses characterized by a fibrous capsule or perilesional inflammation, consistent with previous reported data. [20] [21] [22] 24, 27, 37, 38, 48 Evidence of bone involvement has been reported in patients with infiltrative lipomas. 6, 49 In this study, only three cases of liposarcomas showed an involvement of skeletal structures adjacent to the neoplastic lesion.
There were several limitations in this study. Firstly, this was a retrospective study, so no standardized protocols were established and only precontrast studies were available for five lesions and only postcontrast studies were available for three lesions. Also, there were a limited number of cases. In particular, the number of feline patients to feline masses was extremely small. Only the excised large lipomas causing clinical abnormalities for either compression or location were included in the study since the availability of the histopathology represented one of the inclusion criteria. The entire spectrum of adipose masses was not represented in our sample. In fact we did not have any cases of angiolipoma or infiltrating angiolipoma. The absence of cytologic confirmation and characterization of the regional lymphadenopathy and potential metastatic lesion was another limitation of the current study. Also, as previously mentioned, the pathological specimens were not available for review, thus a mapping correlation between the CT and the histopathological images was not possible.
In conclusion, findings supported the use of CT as a modality for assessing adipose tumor location, shape, extension, and relationship with the adjacent anatomic structures in dogs and cats. Although some CT features were shared by the different groups of fat-containing tumors, the present study identified several statistically significant features such as attenuation characteristics, margins, shape, and presence of regional lymphadenopathy, that are helpful to distinguish between adipose masses. Nevertheless, histopathology will be required to obtain a definitive diagnosis. Additional prospective studies comparing CT findings and gross pathological lesion patterns are needed to further characterize CT features of malignancy for fatcontaining tumors. 
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